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The effects of daylength decline rates and relative 
humidity levels and durations on pollen viability and seed 
setting of sugarcane (Saccharum spp.) were investigated. Two 
studies were carried out at St. Gabriel Research Station of 
the Louisiana Agricultural Experiment Station.
Daylength decline rates of one half and one minute per 
day were studied on 354 crosses made within three years using 
54 males and 92 females. Males treated with one half minute 
daylength decline rate had higher pollen viability. Seed 
production was not affected by the treatments. Varietal 
differences were found responsible for most of the variation 
obtained. The two rates investigated in this study can be used 
in the breeding program without negative effects on seed 
production from the crosses.
Three relative humidity levels (90%, 70%, and an ambient 
treatment) and three relative humidity durations during 
crossing (day, night, and an ambient treatment) were 
investigated in two experiments for their effects on pollen 
grain viability and seed setting of sugarcane during three 
seasons. Pollen viability and seed production were not 
affected by altering humidity level or duration. Setting the 
relative humidity at within a range of 65 to 81% will not 
adversely affect pollen viability or seed production in 
sugarcane crosses.
INTRODUCTION
Sugarcane is one of the two traditional sugar crops in 
the world. It is grown in 69 countries with a total area of 
16.3 million hectares. This area produced 988.2 million tons 
of cane in 1988. Sugar beet, the other major source of sugar, 
is grown on approximately 8.5 million hectares. The total 
amount of roots produced from that area was about 294.6 
million tons ( F. A. 0. 1989) . These figures clearly indicate 
the relative importance of sugarcane when cultivated areas or 
tonnage were considered. In Louisiana as well as in Egypt, a 
significant part of the economy depends on the well-being of 
the crop. Breeding is a major tool to improve the productivity 
of sugarcane. Breeders are always working to introduce new 
varieties with improved yield or disease resistance. The 
normal cycle of breeding takes approximately fourteen years 
from crossing till the release of a new variety. The first 
year is devoted to flower synchronization and crossing.
In areas such as Louisiana and Egypt, sugarcane does not 
flower naturally. Photoperiod treatments are necessary to 
induce sugarcane varieties to flower. The decline rate of 
photoperiod is used to control the rate of tassel emergence. 
This enables breeders to make crosses between varieties that 
would flower naturally at different dates. The effect of
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photoperiod decline rates on flowering synchronization has 
been extensively investigated. However, most researchers did 
not emphasize its effect on male fertility and its relation to 
seed production.
Another problem that received less attention is the 
environmental conditions in the crossing houses. The drop in 
relative humidity controls the shedding of pollen grain. 
Louisiana has a fluctuating level of relative humidity, while 
Egypt has a very low relative humidity year around. Both the 
level and duration of relative humidity can influence the 
production of viable seeds at the end of the crossing 
procedure.
The purpose of this program was to investigate the 
effects of photoperiod decline rates, relative humidity levels 
and durations on seed production of sugarcane. It consisted of 
two studies. The first study investigated the effects of two 
daylength decline rates on pollen grain viability and seed 
production. The second study examined the effects of relative 
humidity during crossing on pollen grain viability and seed 
production. The humidity study contained two experiments; one 
with three relative humidity levels, the second with three 
durations of relative humidity.
The objectives of these experiments were:
1- To examine the effects of photoperiod decline 
rate on pollen viability and seed production.
2- To define the optimum level of relative humidity 
during crossing for maximum seed viability.
3- To identify the time of applying humidity during 
crossing for maximum seed production.
Such treatments are of particular importance to breeders in 
Louisiana and Egypt. Understanding the way these factors 
affect seed production may help maximize the production of 
true seeds. This, in turn, would help increase both the 
potential genetic combinations in the breeding population and 
the chance of selecting a superior variety.
LITERATURE REVIEW
This review discusses literature in the areas of 
photoperiod decline rates and relative humidity as they affect 
seed production of sugarcane. A short review will be presented 
on the work done on sugarcane pollen viability. In addition, 
a brief description of the procedure used in the Louisiana 
Sugarcane Breeding Program will be given.
A: Photoperiod
The goal of the early sugarcane flowering research was to 
get different varieties to flower at the same time. Not much 
was known about the factors that control flowering. Most of 
the work concentrated on finding the proper daylength for 
flower induction. As time passed, many workers agreed on the 
use of twelve hours and thirty five minutes as the critical 
daylength to induce flowering. This specific daylength was 
reported by Burr et al. (1947) and Coleman (1959) as the 
critical daylength for many sugarcane varieties. A deviation 
of ± 15 minutes was reported by Coleman (1962).The number of 
induction cycles varies depending on the variety to be induced 
as reported by Julien (1971). The same finding was reported by 
Paliatseas (1971). He reported that an easy to flower variety 
might need 45 to 55 cycles while a hard to flower variety 
might need up to 70 cycles. Moore (1987) attributed the
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differences in the number of induction cycles to the 
differences between the latitude of origin and the latitude of 
the breeding site. He also suggested that varieties which 
evolved at higher latitudes tend to flower earlier and are 
therefore induced to flower by longer photoperiod than those 
varieties which originated at lower latitudes.
One major problem that faced early sugarcane breeders was 
to induce flowering in different breeding material. Another 
problem was to obtain flowering of different varieties at the 
same time so that crosses could be made. The discovery of true 
seeds from sugarcane sexual crosses was made in 1858. 
Stevenson (1965) reported that this discovery triggered 
research on flowering control of sugarcane as early as 1888 in 
many areas of the world. However, it was the discovery of 
Garner and Allard (1920) about photoperiodic effect on 
flowering of plants that directed the attention of researchers 
to the role of daylength on flowering. The earliest work on 
artificial induction of flowering in sugarcane was published 
separately by Allard (1938) and Sartoris (1939) when both of 
them succeeded in inducing S_;_ spontaneum to flower by 
controlling daylength.
During the early phases of research, the major task was 
to define the conditions necessary for flowering. Most of the 
work done in the area of photoperiod dealt with induction, 
delaying or synchronization of flowering date. Few workers
6examined the effects of daylength decline rates on pollen 
viability and seed production.
Rao and Kumari (1960) studied the fertility of sexual 
organs in sugarcane in varieties subjected to photoinduction. 
They used 2 to 4 hours of light to extend the daylength and 
prevent flowering. To induce flowering, they stopped the day 
extension and switched to four hours of darkness until 
flowering occurred. They called this technique "Switch Over". 
Using Iodine staining to test for pollen viability, they found 
the switch over technique reduced pollen viability. 
Furthermore, because of low seed set they suggested this 
technique reduced pistil fertility.
On the other hand, James (1969) at Canal Point reported 
that extending daylength to delay flowering in male-sterile 
varieties induced pollen production. He tested the viability 
of pollen with Iodine and found that its average ranged from 
7.5 to 80% for the varieties L60-025 and CP61-039.
Amin et al (1971) at Assiut, Egypt, worked on inducing 
flowering of 34 cane varieties. They used a daylength decline 
rate of one minute every 3 days starting at 12:23 daylength 
for up to 85 cycles. They reported that varieties differ in 
their optimum photoperiod treatment.
Brett and Harding (1974) in Natal, South Africa, used a 
progressive half minute decline rate in photoperiod houses 
combined with natural sunset to induce flowering. Such 
treatment produced 70% tasseling, 86% of which were males. On
the other hand, the rapid decline rates of 3/4 and one minute 
induced flower initiation in less number of plants. However, 
such rates hastened the emergence of tassels from induced 
plants. The use of a fixed 12:25 daylength successfully 
initiated flowering, but it severely decreased and delayed 
tassel emergence percentage.
In Egypt, Menshawi (1977) used different photoperiod 
treatments to induce flowering at Hawamdieh. He reported that 
a daylength decline rate of half a minute from 12:30 to 12 was 
better than one minute per day. The first treatment induced 
flowering in 92% of 25 varieties subjected to the treatment. 
However, the one minute decline rate for 30 days followed by 
12 or 9 days of constant 12 hours produced 64 and 4 6% 
flowering.
Nuss and Brett (1977) reported that the daylength decline 
rate of one minute produced flowering earlier than the one- 
half minute by an average of 19 days. In such case of early 
flowering, they reported that pollen shed was decreased. They 
also indicated that a constant daylength is required for 
flower initiation. This constant daylength retarded anthesis 
and delayed it when compared with a decline in daylength.
Nuss (1979) observed that crosses with males receiving 
slow daylength decline rates produced more seedlings.
The annual report of the experiment station of the South 
Africa Sugar Association (1980) summarized the 1978-1979 
season's results. In glass houses, natural daylight with the
normal decline rate of 80 seconds per day produced 22% of the 
tassels as males. This was significantly lower when compared 
to 44 and 45% produced from plants treated with 50 and 35 
seconds per day. The latter rates were obtained by expanding 
daylength with artificial light before sunrise.
Midmore (1980) reported that early flowering was 
associated with loss pollen viability as indicated by stain 
test.
Nuss (1980) found no differences in flowering of canes 
exposed to one-half minute or one minute decline rates. Both 
treatments were better than fixing daylength. Furthermore, the 
proportion of flowers shedding pollen was as high as 87% in 
the one-half minute treatment. The constant daylength came 
second with 50% while the one minute treatment produced only 
25% of its flowers as males. In addition, he reported varietal 
differences in the response to these treatments.
Dunckelman and Legendre (1982) reported the use of one 
minute per day decline rate starting from 12:32 hours and 
finishing at 11:42 as the main photoperiod treatment at Houma, 
Louisiana. They reported that this rate has given excellent 
results in getting both commercial and basic breeding stocks 
to flower. Fixed daylength at 12 hours 2 5 minutes for 60 days 
or more is less frequently used.
Nuss (1982) indicated that the daylength decline rate of 
one-half minute has become the standard treatment in Mount 
Edgecombe, South Africa since 1971. He suggested that pollen
9grains have more time to develop when slow decline rates are 
used. This allows flowers to produce more mature fertile 
pollen. When fast decline rates at the later stages of 
development are used, the period of pollen development was 
probably curtailed, resulting in fewer flowers producing 
pollen.
Moore (1987) indicated that sugarcane has an absolute 
(qualitative) response to intermediate daylength, i.e. it will 
remain vegetative as long as it is not exposed to a specific 
daylength. The daylength of 12:30 hours was found to be the 
critical daylength required for induction. Once induction has 
occurred the plant shows a quantitative response to short 
daylength, i.e. flowers will emerge faster as the daylength 
became shorter.
B: Relative humidity
As early as 1927, Jeswiet reported that the arrows of 
E.K.28 developed under humid conditions had higher pollen 
fertility. Tassels that developed under drier conditions were 
less fertile and showed various degrees of male sterility. 
This idea contradicts what was reported by Van Breemen et al 
(1963). They observed that different levels of rainfall during 
induction had no effect on the viability of pollen grain in La 
Romana, Dominican Republic.
Daniels (1962) stated that, in Fiji, the relative 
humidity used in the breeding program was 95%. This value was
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based on the average conditions in India and New Guinea where 
sugarcane flowers naturally.
Arceneaux (1965), reviewed various aspects of flowering 
in sugarcane. He stated that relative humidity is important 
for the dehiscence of anthers. He indicated that a high 
moisture environment has been considered conducive to the 
development of fertile pollen. He used Egypt as an example of 
places where low relative humidity, along with high 
temperature, act against flowering of sugarcane. At that time, 
he considered the amount of work done on relative humidity 
insufficient.
Liu (1965) stated that the number of viable seeds 
produced per cross is determined by many factors that 
influence the process of fertilization. He suggested that 
relative humidity is one of these factors.
In Egypt, Amin et al (1971) used a level of 93% relative 
humidity in an experiment to push 34 cane varieties to flower. 
High humidity was obtained by applying a fine mist above the 
plants. High humidity treated plants flowered and were used to 
make successful crosses between S^ _ of f icinarum and S. 
soontaneum. They reported that increased humidity reduced the 
temperature approximately 6.7°C less than the control 
treatment. This drop from 37.5 to 30.8°C was suggested to be 
the real factor that enhanced flowering. They also indicated 
that it was necessary to raise the humidity level while 
induction treatments took place in order to obtain flowers.
Krishnamurthi (1977) reported that low relative humidity 
in early morning is responsible for pollen shedding. He 
examined cross sections of styles after different periods of 
pollination. He also indicated that poor seed set occurred 
when the style was immersed in water (more than 100% relative 
humidity). Menshawi (1977) studied floral induction of 
sugarcane during spring and summer at Hawamdieh, Egypt. He 
reported the use of a mist system to produce a level of 90% 
relative humidity during induction. After flowering, the 
stalks were cut and removed to other area where no mist was 
available. He observed that the flag leaves of such stalks 
dried out and that a very small amount of pollen was produced. 
These pollen grains were not viable. The main concern in this 
experiment was to produce tassels rather than crosses.
Nuss (1979) reviewed the results of 1973 to 1978 crossing 
seasons. He indicated that low relative humidity (50.3%) and 
high temperature (26.5°C) at the time of pollen shedding 
caused a reduction in the number of seedlings obtained per 
tassel. This was true in the 1975 season. However, low 
relative humidity did not significantly affect the number of 
seedlings in the 1977 season.
Krishnamurthi (1980) examined sugarcane pollen with the 
scanning electron microscope. He found the surface of the 
pollen perforated. He proposed the purpose of perforation is 
to allow for oxygen and nutrient uptake from stylar tissues. 
This could be the reason pollen grains dry and die quickly
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when exposed to low relative humidity after dehiscing. At the 
point of water condensation, pollen grain will absorb water 
and burst. He suggested that the best survival of pollen 
occurred between 90 - 98% relative humidity.
Wong (1980) compared the performance of 2 00 varieties for 
ten years in China. He investigated six crosses made at two 
locations: Chungshen, a high humidity area with low overall 
temperature, and Suinan, a lower humidity area with higher 
temperature. He reported that pollen fertility and seed 
production were not significantly different in both areas. 
However, he indicated that flower initiation was better in 
Chungshen.
Dunckelman and Legendre (1982) stated that relative 
humidity controls the release of pollen inside the crossing 
house. A high level early in the day may delay pollen 
shedding. They reported maintaining sufficient level of 
humidity inside the crossing house by frequently hosing down 
the floor. In a personal communication, Legendre (1990) 
indicated that a mist system is currently used in the facility 
of Houma, Louisiana to raise the relative humidity if it drops 
below 60%.
At St. Gabriel, Louisiana, the crossing house is equipped 
with a mist system that can elevate the humidity up to 90%. It 
is used during low humidity days to supply an adequate level 
of humidity.
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All of the above mentioned workers studied relative 
humidity at the time of shedding as it affects pollen after 
being released from anthers. No work was available for the 
effects of humidity level before pollen shedding on pollen 
viability.
C: Pollen fertility
Pollen fertility measurements were reported by many 
workers. The method of assessing pollen fertility can be 
classified into three categories. These categories are; in 
vivo germination of pollen in a stigma under the microscope, 
in vitro germination in an artificial medium, and staining 
test for starch by Iodine.
Most researchers at the early phase of pollen testing 
used the Iodine test to examine pollen for starch, maturity, 
and viability. However, recent work indicated that this method 
does not necessarily present an accurate estimate of pollen 
viability and suggested the use of in vitro techniques.
Dunckelman (1965) reported that, in Canal Point, a review 
of breeding records indicated that cold seasons suppressed 
male fertility. In such seasons, seed set was either curtailed 
or a failure. He suggested the use of controlled climate 
facilities for male parents. Using this technique increased 
seed production.
Juang (1965) stated that pollen grain viability differed 
significantly among varieties and latitudes. He was working
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with the same varieties in Vietnam and Taiwan. However, he did 
not mention the way he tested pollen viability.
James (1969), in Canal Point, examined the effects of 
delaying flowering on pollen fertility. He tested for 
fertility with Iodine and listed the crosses made in this 
experiment. He observed that the crosses made with the male 
L60-25, which showed low pollen viability, had fewer viable 
seed.
Moore (1975) indicated that the staining test for 
viability with Iodine is not accurate because pollen killed by 
high temperature will stain positive. He also suggested that 
the in-vitro germination test is more conservative than 
staining and can substitute for the in-vivo test of true 
viability.
Paliatseas (1976) attributed the differences in seedling 
number per cross in Louisiana to the amount and viability of 
pollen. He also included sexual compatibility between 
varieties as a factor that affect seed production. Differences 
in chromosome numbers in different Saccharum spp. were 
responsible for sexual compatibility between varieties as 
reported by Grassel (1977).
Krishnamurthi (1977) tested different media for pollen 
germination. He came out with one medium that was the best in 
his judgment. He also tested the effects of different 
environmental conditions on pollen germination in this medium. 
The results of these experiments indicated that pollen grains
will stay viable for 30 minutes and lose viability in one 
hour. Furthermore, his data suggested that germination of 
pollen is a characteristic of varieties. He also reported that 
the germination percentage of 22 clones of S. officinarum 
ranged from 1 to 10% compared to 81 to 98% for the first 
generation of S. of f icinarum X S^ _ soontaneum hybrids. 
Examining cross sections of stigmas after different periods of 
pollination indicated that pollen compatibility with the style 
affected pollen germination (in-vivo test). Germination of 
nine males pollen on the stigma of CO-281 varied from 0 to 95% 
according to the male. The in-vivo examination also indicated 
that the pollen grain tube takes about 32 to 60 hours to reach 
the micropyle in S_;_ officinarum and 40 hours in the hybrids of 
S. officinarum and S^ . soontaneum.
In Houma, Nagatomi and Dunckelman (1980) used Iodine 
staining to test for pollen viability. They reported 
differences in viability between varieties, species, and 
generations of crosses. spontaneum has higher viability 
than its hybrids with officinarum. They also suggested some
association between pollen maturity and seed production. The 
relation was expressed as the semi-logarithmic equation 
Y= A + BX
where Y = the logarithm of seed number per Gm of fuzz 
X = maturity 
A and B are constant.
This equation had r = + 0.82. They also reported that
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seed set increased sharply when pollen maturity exceeded 60%. 
Furthermore, they found a highly significant correlation 
coefficient of + 0.58 between pollen maturity and seed set.
Natarajan et al. (1983) used staining with acetocarmine 
to test for viability. They attributed differences in 
viability to varietal differences more than environmental 
conditions. They found the average pollen viability for 112 
varieties in Coimbatore to be 63.8% with standard deviation of 
32.7% and coefficient of variability of 51.34%.
Moore (1987) reviewed some physiological aspects of 
flowering in sugarcane. He illustrated a modified version of 
the developmental processes of sugarcane that he proposed 
earlier in 1971. In this illustration, he suggested that 
stamen primordia start to form 8 weeks after induction. He 
reported that stress conditions such as cold temperature and 
fixed daylength during the eighth throughout the tenth week 
will lead to male sterility. However, he did not suggest any 
effects for other adverse conditions such as water stress or 
low humidity on male organs.
D: Louisiana sugarcane breeding procedure
Due to the special nature of sugarcane breeding programs, 
it is necessary to outline the procedure used in the Louisiana 
Sugarcane Breeding Program. Most of the steps of this 
procedure were described by Dunckelman and Legendre (1982) in 
their guide to sugarcane breeding in temperate zones. The
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experimental procedures that are unique to each study will be 
presented within each chapter.
The current period from crossing to variety release in 
the Louisiana Sugarcane Breeding program takes approximately 
fourteen years. Of these years, the first year is devoted to 
crossing and seed production. The process of seed production 
can be classified into four major steps.
1- Cane preparation:
Single-eye cane cuttings are planted in the greenhouse 
during October in Jiffy mix plus (TM) placed in Styrofoam 
planting trays. The growing plants are transplanted at the end 
of January to 37.8 liter (10 gallon) cans filled with a 
mixture of sand, soil and milled peat moss at a rate of 1:1:1.
A 20:20:20 fertilizer is supplied dissolved in irrigation 
water at a rate of 0.0259 gm/L ( 908 grams per 378 liters 
which equals 2 pounds per 100 gallons ) during the greenhouse 
period. After the danger of spring frost has passed (about mid 
April), the cans are placed on the carts of the photoperiod 
bays. Regular irrigation and fertilizer are applied to the 
cans. Fertilizer application is stopped at the beginning of 
the photoperiod treatment. The number of stalks per can are 
then kept at a maximum of five.
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2- Photoperiod treatment:
The starting date of photoperiod treatment differs 
according to the varieties' flowering response. Treatment may 
start as early as June for a hard-to-flower variety. Varieties 
that flower easily may not be exposed to the treatment until 
the first week of July. The induction treatment is a variety- 
unique number of days at the 12:30 hours daylength. After the 
required number of cycles, daylength is gradually decreased by 
either one or one-half minute per day. Such reduction controls 
the speed of tassel emergence. Three weeks before tassels 
emerge, the stalks are marcoted (air layered) by wrapping 
three lower internodes with a sheet of clear plastic filled 
with wet peat moss.
3- Crossing
With the aid of a binocular, emerging tassels are checked 
in the early morning of every other day for the beginning of 
anthesis. Stalks with open flowers are cut below the marcot 
and moved to the crossing house. The leaves are carefully 
removed to minimize water loss. A sample of the flowers is 
examined under magnification to determine pollen contents. 
Pollen content is rated on a one to nine scale. A rating of 
one represents a plant with abundant pollen while nine 
represents a plant with no pollen produced. The term male in 
this study will define a variety designated as the pollen 
producing variety in crosses. It is usually ranked from 1 to
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5 in the pollen production scale. Female will define a variety 
designated as a pollen receiver variety in crosses. A female 
variety could be one of the following cases:
1- A variety ranked from 5 to 9 for pollen production.
2- A variety ranked 5 or less but known to be self
incompatible.
Cross combinations are determined by subjecting the available 
tassels data to a computer program that uses the parental 
characteristics to optimize the crosses. Stalks are tied to 
bars within the crossing cubical. Male tassels are always tied 
higher than the female. If many females are used with the same 
male and one of the females produces some pollen it is tied at 
the lowest level. This is done to avoid inadvertent 
pollination of other females. The female is tagged indicating 
cross number, female variety, male variety, the number of 
tassels of each used, and the date of cross. Every morning 
when temperature rises and humidity drops, the bars to which 
the stalks are tied are tapped to facilitate pollen release 
from the males to the female tassels. This procedure is 
repeated for the entire life of the male tassel (7 to 9 days). 
The male tassel is discarded when all flowers complete 
dehiscing.
4- Maturity:
The female stalk is set aside for seed maturity which 
takes about a month. Halfway through the maturity, the tassel
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is bagged with a light cloth bag to contain the seed from each 
cross. The female tassel is cut from its stalk after one 
month. The tag that identifies the cross is placed inside the 
bag. The bag and its contents are then dried for 48 hours at 
a temperature of 40.5°C (105°F). After drying, the fuzz is 
stripped from the tassel, weighted, and a half gram sample is 
taken for a germination test.
5- Seed germination:
A germination test is done at the end of the crossing 
season using the half gram samples weighed earlier. The 
germination test takes place inside the greenhouse during the 
last week of December. A 6:3:1 mixture of soil, milled 
Sphagnum moss, and sand is used as the medium for germination. 
Soil and sand are mixed first then sterilized by heating to 
93.3°C (200°F). After cooling, milled Sphagnum moss is added 
to this mixture at a rate of 3:7. One inch of the mixture is 
placed in germination trays, wet with water, and divided into 
six parts of 225 cm2 each with wood dividers. The half gram 
fuzz is spread over one section of the tray and covered with 
fine screened soil mixture. A stake is placed in each section 
to identify the cross number. The whole tray is then covered 
with a plastic cover and kept warm at approximately 32.2°C 
(90°F) for seven days. The number of seedlings resulting from 
the germination of a half gram of fuzz is counted at the 
seventh day and will be referred to as "seed germination". The
21
Estimated Number of Viable Seeds per Cross is calculated by 
multiplying fuzz weight by double the seed germination from 
the half gram of fuzz. The resulted value will be referred to 
as "ENVSC" in this study.
At the end of this procedure, the seeds are handed to the 
team responsible for doing field selection for the rest of the 
fourteen years selection cycle.
SUGARCANE POLLEN VIABILITY AND SEED SETTING 
AS AFFECTED BY DAYLENGTH DECLINE RATES
ABSTRACT
Daylength decline rates are commonly used in sugarcane 
(Saccharum spp.) breeding programs to control the rate of 
tassel emergence. This study investigated the effect of one 
half and one minute daylength decline rates on pollen grain 
viability and seed setting in sugarcane crosses. The rates 
were studied at St. Gabriel, LA on 354 crosses made in 1987, 
1988, and 1989 using 54 males and 92 females. Males treated 
with one-half minute daylength decline rate had higher pollen 
viability than those treated with one minute decline rate. 
Seed production was not affected by the treatments. Varietal 
differences were responsible for most of the observed 
variation. The two rates investigated in this study can be 
used in the breeding program without negative effects on seed 




The discovery by Garner and Allard (1920) that 
photoperiod affects the flowering of plants was the beginning 
of much research on the role of daylength on flowering. The 
earliest work on artificial induction of flowering in 
sugarcane was published separately by Allard (1938) and 
Sartoris (1939) when they independently succeeded in inducing 
S. soontaneum to flower by controlling daylength. During the 
early phases of research, the major task was to define the 
conditions necessary for flowering. In many cases, photoperiod 
treatments had some effect on flowering behavior. Many reports 
were published dealing with such aspects. James (1969) 
indicated that photoperiod treatment to delay flowering 
induced male fertility in male-sterile clones. Brett and 
Harding (1974) reported that the daylength decline rates of 
one-half and one minute induced flowering better than a fixed 
daylength. They also reported that flowers emerged faster when 
the one minute rate was applied. The last finding was also 
reported by Nuss and Brett (1977). In Egypt, Menshawi (1977) 
stated that the one-half minute daylength decline rate was 
better in inducing flowering than the one minute rate. The 
report of the South Africa Sugar Association (1980) indicated 
that fast daylength decline rates produce less proportion of 
the varieties as males than slow rates. Nuss (1980) stated 
there were no differences in flowering when either the one- 
half or one minute rate was used. Later in 1982 he indicated
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that the one-half minute rate became the standard treatment 
used in Mount Edgecombe, South Africa.
Moore (1987) summarized the relationship between 
photoperiod and flowering in sugarcane. He reported that the 
daylength of 12:30 hours was found to be the critical 
daylength required for the induction of most sugarcane clones. 
Once induction has occurred, the plants showed a quantitative 
response to short daylength, i.e. flowers emerged faster as 
the daylength became shorter.
The purpose of this study is to investigate the effects 
of different daylength decline rates on pollen viability and 
seed setting of sugarcane crosses.
25
MATERIALS AND METHODS 
The study took place at the sugarcane breeding facilities 
of the St. Gabriel Experiment Station, Louisiana Agricultural 
Experiment Station. The station is at latitude 30° 16' N,
longitude 91° 6' W at an elevation of 6 meters.
For three years (1987-1989) two daylength decline rates 
were used during photoperiod treatment. These rates were one 
minute and one-half minute per day.
Fifty-four males and ninety-two females were used to make 
the three hundred-fifty four crosses studied during the three 
seasons (Appendices 1 and 2).
Cane varieties were exposed to the preparation 
procedure described by Dunckelman and Legendre (1982) . Single­
eye cane cuttings were planted in the greenhouse in October. 
They were transplanted to 37.8 liter cans in January and moved 
outside the greenhouse in April. Flowering induction 
treatments started as early as June. It consisted of a number 
of days at daylength 12:30 hours. The number of cycles per 
variety is unique. Daylength was then decreased by a constant 
one or one-half minute per day until reduced to 11:30 hours. 
Stalks were air-layered three weeks before tassel emergence. 
Emerging tassels were examined every other day for flower 
opening. Stalks that were beginning to anthesis were cut below 
the air-layer and the leaves were carefully removed. The 
flowers were rated on a scale of 1 to 9 based on the amount of 
pollen produced. A rating of 1 represents a plant with
abundant pollen which will be used as a pollen producer in 
crosses (male) . A variety rated 5 to 9 is used as a pollen 
receiver (female). To make desired crosses male tassels were 
tied higher than the females in isolated crossing cubicals. 
Every morning, when temperature rises and humidity drops, the 
bars to which the male stalks were tied were tapped to 
facilitate pollen release. It took seven to nine days for all 
the flowers in a tassel to open after which the male tassel 
was discarded. The female tassel was bagged, tagged, and left 
to mature for a month after which it was cut from the stalk 
and dried for 48 hours at 40.5°C. The fuzz (seeds and pappus) 
was then stripped off the tassel, weighed, and a one-half gram 
sample was taken for a germination test.
To test germination, the fuzz was planted in flats filled 
with field soil (Commerce Silt Loam), milled Sphagnum moss, 
and sand (6:3:1). The flats were covered and left under 
greenhouse conditions (approximately 32°C) for seven days.
The number of germinated seedlings from the one-half gram 
of fuzz was counted at the seventh day and will be referred to 
as "seed germination". The Estimated Number of Viable Seeds 
per Cross, ENVSC, is calculated by multiplying fuzz weight by 
double the seed germination from a one-half gram fuzz. Every 
morning, a paper cone was placed under the male tassel to 
collect a pollen sample. Special care was taken to keep the 
sample over 20°C. Empty anthers were discarded from the 
sample. Pollen grains were placed on a glass slide and two
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drops of the medium described by Krishnamurthi (1977) were 
added (Table 1).
Table 1. The composition of the medium used for pollen 
germination test.
Compound Concentration
Calcium nitrate 300 mg/L
Boric acid 100 mg/L
Magnesium sulphate 100 mg/L
Sucrose 300 gm/L
The slide was placed over a wet filter paper in a closed petri 
dish for a six hour germination period at room temperature 
(approximately 25°C).
Data on pollen grain germination were taken after six hours by 
counting eight fields under 40 X magnification using a Bausch 
& Lomb light microscope. If the number of pollen in the slide 
was sparse (less than approximately 2 00 pollen grains), the 
whole slide was counted (Figure 1). The percentage of pollen 
germination was then estimated as the percent of the number of 
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Figure 1. Different cases of pollen germination. A and B 
represent cases where eight fields were used for germination 
counts(10 X magnification). C and D are individual fields 
from slides like A and B magnified to 40 X. E and F represent 
cases where the whole slide was counted (10 and 40 X 
magnification).
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Stevenson (1965) reported that the stigmas of sugarcane 
flowers are persistent and remain receptive for a period 
longer than the day of anthesis. He also indicated the 
possibility of fertilization to occur "a day or more 
afterwards". The persistence of the stigmas was reported also 
by James (1980) who indicated that there was no need to 
determine the period of receptivity due to the technique used 
in sugarcane crossing. Krishnamurthi (1977) described a 
technique to emasculate sugarcane flowers. He indicated that 
the sleeving method accompanied with covering the tassel for 
five days killed all the pollen and no seeds were set in the 
tassels left for selfing. However, when pollen grains from 
other males were used on emasculated tassels after five days, 
seed setting was doubled compared to normally selfed tassels. 
This implied that female flowers remained receptive for at 
least the five days of his experiment. Studying the pattern of 
flower opening indicated an increase of the percent of opened 
flowers with age up to the sixth day of tassel age. Eighty 
percent of the tassel was opened on average after eight days 
(Fig.2). Based on these findings, viable pollen that dehisced 
on the fifth day of tassel age would have a higher chance of 
pollinating and fertilizing female flowers than similar viable 
pollen dehisced from a second day flower when fewer female 
flowers were receptive. Because of this differential 
importance of the age of the male flower, a weighted pollen 
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Figure 2. Flowering pattern of sugarcane tassel. A) percentage
of daily opened flowers; and B) cumulative percentage.
31
percentage by the age of the tassel. The cumulative weighted 
pollen germination was calculated by adding the weighted 
pollen germination during the life of a tassel together. This 
value was used to get an overall indication about the male 
throughout its life span. The term collective pollen 
germination will represent the average, maximum, and 
cumulative weighted pollen germination of a male tassel during 
its life span.
Temperature and relative humidity were recorded inside 
the crossing house during the study.
A completely randomized design was used in this 
experiment. The models used in the statistical analysis were 
chosen so that maximum amount of the variation can be 
explained, i.e. models with high R2. Pearson correlation 
coefficients were calculated for pollen germination variables 
with humidity and temperature and also for seed production 
variables with pollen germination measurements. The one 
variable with the highest correlation was added to the model 
as a covariate to help interpret the results. The statistical 
analysis was performed using SAS (1985 a and b). The data of 
daily and weighted pollen germination were analyzed using a 
split plot model. The model used contained photoperiod, male 
varieties, males X photoperiod, age, age X photoperiod, and 
minimum daytime humidity as a covariate. Males X photoperiod 
was used as an error term in the study. A factorial model was 
applied to the average, maximum, and cumulative weighted
pollen germination during the life span of the male. This 
model contained photoperiod, males, and their interaction. A 
factorial model was also used for seed germination and ENVSC. 
The model used contained male treatment, female treatment, 
their interaction, and cumulative weighted pollen germination 
as a covariate.
It is important to note that in some crosses seed 
production was obtained from females although the males 
produced dead pollen. In these cases, the females were found 
to have a pollen rating of 7 or 5, i.e. they produced small 
amount of pollen. Based on that, the produced seeds were 
classified as self fertilization products. The data of these 




1- Daily pollen germination
Pearson Correlation Coefficients were calculated for the 
daily measured germination variables and fourteen different 
environmental factors (Table 2).
Table 2. Pearson correlation coefficients for daily pollen 
germination measurements and some environmental factors 
measured during the last 24 hours before pollen sampling.
Environmental Daily Weighted
factor germination germination
Minimum night humidity 
Maximum night humidity 
Average night humidity 
Drop in night humidity 
minimum day humidity 
maximum day humidity 
Average day humidity 
Drop in day humidity 
Average 24 hr humidity 





0.234 ** 0.223 **
0.121 ** 0.102 **
0.209 ** 0.190 **
-0.197 ** -0.202 **
0.258 ** 0.290 **
0. 002 NS 0. 002 NS
0.224 ** 0.260 **
-0.202 ** -0.222 **
0.249 ** 0.261 **
-0.046 NS -0.103 **
0.009 NS -0.001 NS
-0.133 ** -0.189 **
-0.106 ** -0.156 **
-0.150 ** -0.206 **
** Significant at 0.01 probability level.
Most of the factors had a significant correlation with 
pollen germination. However, the values of r for all these 
variables were small and did not exceed 0.29. Minimum humidity 
during the daytime had the highest correlation with both 
germination measurements. Thus, the daily pollen germination 
data were analyzed using minimum day humidity as a covariate. 
Varietal differences in pollen germination were noticed during
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germination testing. Furthermore, pollen germination seemed to 
be affected by the age of flowering. The model used for 
analysis was modified to include male varieties, flower age 
and their interactions with photoperiod treatment along with 
the covariate. The interaction of males * photoperiod was used 
as an error term for testing photoperiod treatments effects 
(Tables 3 and 4).
Table 3. Mean squares of daily pollen germination measurements 







Photoperiod 1 5570.65 * 184201.11 ♦
Males 53 1580.18 ** 39833.64 **
Males * Photoperiod 22 1250.06 ** 43904.60 **
Age 8 719.96 * 52213.92 **
Age * Photoperiod 7 204.43 NS 6631.11 NS
Covariate 1 17023.90 ** 445276.76 **
Error 1027 366.34 10453.87
R2 0.290 0.319
*,** Significant at 0.05 and 0.01 probability levels, 
respectively.
♦ Significant at 0.10 probability level.
The analysis showed that pollen viability was 
significantly affected by the use of different photoperiod 
decline rates (Table 3) with slow daylength decline rate 
enhancing pollen germination ( Table 4 ).
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Table 4. Means of the daily pollen measurements for different 
photoperiod decline rates.
Treatment Number of Daily Weighted
per day observations percentage percentage
% minute 521 14.798 76.573
1 minute 604 10.168 48.792
Pollen germination was also affected by the age of 
flowering. The profiles of daily pollen germination and daily 
weighted pollen germination for all males used in the study 
are shown in fig. 3. It showed that the changes of pollen 
germination due to age of flowering had a similar pattern of 
response for both photoperiod treatments. This confirms the 
finding (Table 3) that age had a significant effect on daily 
pollen germination but not age * photoperiod interaction. R2 
values of the models used for the analysis of variance were 
very small (0.290 and 0.319). This indicated that most of the 
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Figure 3. Pollen germination as affected by age for 54 males.
A) daily percentage; and B) weighted germination.
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The analysis also indicated that the interaction between 
males and photoperiod treatment was significant. This meant 
that the response of different males varied within each 
photoperiod decline rate. For further detection of these 
varietal differences, the most repeated males in the study 
were analyzed separately. Of the fifty four males used in this 
study, CP74-383 and LCP85-336 were the males that had the most 
balanced number of crosses with females from both photoperiod 
treatments. It is important to state that these two varieties 
differ in their pollen production rank. LCP85-336 was found to 
be a heavy pollen producer every time it was used in the 
breeding program. On the other hand, CP74-383 is known to 
produce a very small amount of pollen. However, CP74-383 
sometimes changed into a heavy pollen producer as in the case 
of the 1989 season.
Table 5 indicates that varietal response to environmental 
conditions were different. Correlations with the same factors 
had different r values for the two varieties. CP74-383 pollen 
germination had the highest significant correlation with the 
average relative humidity during daytime that preceded pollen 
sampling. On the other hand, pollen germination of LCP85-336 
had the highest significant correlation with minimum day 
humidity. The differences may be due to the different genetic 
make-up of both varieties. Because CP74-383 is not originally 
a heavy pollen producer variety, it could be more sensitive to 
most environmental factors than LCP85-336 which had lower r
values with the same environmental factors. This also 
explained the very low values of the correlations when all 
males were used together for calculation.
Table 5. Pearson Correlation Coefficients of daily pollen 








0.435 ** 0.454 **
Maximum night humidity 0.027 NS 0. 072 NS
Average night humidity 0.382 * 0.409 **
Drop in night humidity -0.480 * * -0.488 **
Minimum day humidity 0.570 ** 0. 632 **
Maximum day humidity 0.461 ** 0.413 **
Average day humidity 0.580 ** 0.633 **
Drop in day humidity -0.550 ** -0.625 **
Average 24 hr humidity 0.591 ** 0. 641 **
Drop in 24 hr humidity -0.463 ** -0.509 **
Minimum temperature -0.212 NS -0.164 NS
Maximum temperature -0.499 ** -0.472 **
Average temperature -0.506 ** -0.474 * *
Drop in temperature -0.481 ** -0.460 **
Minimum night humidity
LCP85-33 6 
0.195 NS 0.262 NS
Maximum night humidity -0.105 NS -0.066 NS
Average night humidity 0.100 NS 0.166 NS
Drop in night humidity -0.284 * -0.335 *
Minimum day humidity 0.416 ** 0.414 **
Maximum day humidity 0.122 NS -0.093 NS
Average day humidity 0.369 ** 0.385 **
Drop in day humidity -0.366 ** -0.352 * *
Average 24 hr humidity 0.284 * 0. 332 *
Drop in 24 hr humidity -0.254 NS -0.209 NS
Minimum temperature 0.113 NS -0.151 NS
Maximum temperature -0.178 NS -0.183 NS
Average temperature -0.102 NS -0.090 NS
Drop in temperature -0.222 NS -0.246 NS
*,** Significant at 0.05 and 0.01 probability levels, 
respectively.
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The analysis of variance for both varieties (Table 6) and 
Fig. 4 and 5 indicated that the response to the treatments 
differed with variety. CP74-383 was significantly affected by 
photoperiod treatment. Its average value of germination was 
lower when the one-half minute treatment was used during 
induction compared to the value obtained from tassels treated 
with one minute per day (Table 7). Contrary to CP74-383, 
pollen germination of LCP85-336 was generally better with the 
one-half minute treatment. The higher sensitivity of CP74-383 
to the treatment may be because it is not normally a heavy 
pollen producer. LCP8 5-33 6 could be less sensitive to the 
treatment because it is more adapted to the environment and 
always produces more pollen.
Table 6. Mean squares of daily pollen germination measurements 
as affected by different daylength decline rates for CP74-383 
and LCP85-336.






3084.30 ** 99515.57 **
Age 7 70.41 NS 4537.53 *
Photoperiod*Age 6 24.92 NS 1267.74 NS
Average 24H hum 1 1483.74 NS 58095.20 *
Error 24 354.19 11245.57
R2 0. 648 0.735
Photoperiod 1
LCP85-336
2067.96 ♦ 103842.84 *
Age 7 32.09 NS 1895.47 NS
Photoperiod*Age 7 81.68 NS 2345.81 NS
Minimum day hum 1 3946.74 * 155819.07 **
Error 39 591.72 20019.23
R2 0.429 0.477
*, ** Significant at 0.05 and 0.01 probability level, 
respectively.
♦ Significant at 0.10 probability level.
Table 7. The averages of daily pollen germination measurements 
for different photoperiod decline rates and the number of 










% minute 21 5.223 22.07
1 minute 19 32.647 193.76
LCP85-336
\ minute 32 22.082 132.11
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Figure 4. Daily pollen germination as affected by age for
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Figure 5. Weighted pollen germination as affected by age for:
A) the male CP74-383, and B) the male LCP85-336.
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2- Collective pollen germination
The collective pollen germination data during the life 
span of the male tassel are the average, maximum, and 
cumulative weighted germination. The statistical analysis 
results are listed in Table 8.
Table 8. Mean squares of the average and maximum germination 
percentage and the cumulative weighted pollen germination for 
all males of the photoperiod experiment.






















R 2 0.572 0.565 0.744
*, ** Significant at 0.05 and 0.01 probability level, 
respectively.
♦ Significant at 0.10 probability level.
Table 9. Means of the average and maximum germination 
percentage and the cumulative weighted pollen germination for 
the males used in photoperiod experiment.
Treatment n Average Maximum Cumulative weighted
per day germination germination germination
\ minute 89 13.175 36.142 445.47
1 minute 103 9.520 28.271 324.73
Table 9 indicated that plants treated with the slow 
daylength decline rate had higher collective pollen 
germination. Furthermore, the interaction of male varieties 
with photoperiod treatments was significant.
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To further explore these differences, the data from CP74- 
383 and LCP85-336 were analyzed. Of all the variables shown, 
only the maximum germination of LCP85-336 was not 
significantly affected by the treatment (Table 10). The two 
varieties differ in their response to the treatments also 
(Table 11) . The one minute treatment resulted in greater 
pollen germination in CP74-383 while the one-half minute 
treatment was superior in the case of LCP85-336. This, in 
part, indicates that varietal differences and treatment 
interaction do exist for such variables.
Table 10. Mean squares of the average and maximum germination 
percentage and the cumulative weighted pollen germination for 
the males CP74-383 and LCP85-336 of the photoperiod 
experiment.




** 12799.92 ** 4355004.92 **
Error 12 57. 09 134..16 56261.32
R2 0.744 0. 888 0.865
Photoperiod 1 545.78
LCP85-336
❖ 2243.47 NS 1817276.70 *
Error 15 168.39 1107.03 284621.58
R2 0.177 0.119 0.298
*, ** Significant at 0.05 and 0.01 probability level, 
respectively.
♦ significant at 0.10 probability level.
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Table 11. Means of the average and maximum germination 
percentage and the cumulative weighted pollen germination for 
the males CP74-383 and LCP85-336 used in photoperiod 
experiment.
Treatment n Average Maximum Cumulative weighted
per day germination germination germination
CP74-383
% minute 8 4.68 14.04 100.13
1 minute 6 28.83 75.14 1227.16
LCP85-336
% minute 9 21.11 54.05 879.85
1 minute 8 9.76 31. 04 224.81
Seed production
The relationships between seed number and the three 
collective pollen germination variables for all the males used 
in this study are presented in Fig. 6. A cross that yielded 
less than 250 viable seed was declared a failed cross. It was 
considered a failed cross because it was not possible to plant 
less than 250 seedlings per cross in the selection trials. 
Eighty percent of the failed crosses had an average pollen 
germination of less than 10%, while 53% of the successful 
crosses had less than 10% average pollen germination (Fig. 
6A) . The same magnitude was observed when maximum pollen 
germination was considered (Fig. 6B) . Approximately 79% of the 
failed crosses had a cumulative weighted germination of less 
than 200 while 43% of the successful crosses had the same 
class of cumulative weighted pollen (Fig. 6C). The figure also 
indicated that collective pollen germination variables had
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some relationship with seed number. However, pollen 
germination cannot be used to predict seed number resulting 
from a cross in this study. A measure of pollen germination 
before setting the cross is needed. The variables in Fig. 6 
cannot be used because they were calculated after the crossing 
procedure ended. Based on this study, pollen germination 
cannot be used to obtain an adequate prediction of seed 
germination for one or more of the following reasons.
1- A measure of pollen germination is needed before setting 
the cross. No data were taken for pollen germination before 
setting the cross in this study.
2- As shown in Fig. 3, germination improved after the second 
day. This might cause confusion in cases where the first day 
germination was low and the following days were better. This 
particular reason could be the cause of the low correlation 
between second day germination and seed germination (0.131).
3- Because of incompatibility, poor seed germination could 
result from crosses with males that had a good first day 
pollen germination.
Nagatomi and Dunckelman (1980), found a significant 
correlation coefficient of 0.58 between pollen maturity and 
seed set. Their value is higher than any of the coefficients 
listed in Table 12. The differences might be due to the fact 
that Nagatomi and Dunckelman used Iodine test to assess pollen 
maturity. This gave higher readings for pollen maturity than 
the in vitro germination test used in their study.
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Table 12. Pearson correlation coefficients for seed production 






Average germination percent 0.425 ** 0.344 **
Maximum germination percent 0.437 ** 0.365 **
cumulative weighted percent 0.483 ** 0.374 **
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Successful crosses —l— Failed crosses
Figure 6. Percentage distribution of crosses based on males': 
A) average pollen germination, B) maximum pollen germination, 
and C) cumulative weighted pollen germination.
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Table 13. Mean squares of seed germination and ENVSC as 
affected by photoperiod treatment for both male and female 
parents using cumulative weighted pollen germination as a 
covariate.
S 0 V DF Seed
germination
ENVSC
Male treatment 1 2052.34 NS 382999.63 NS
Female treatment 1 10808.84 NS 926268.00 NS
Male * Female 1 1266.35 NS 140796.34 NS
Covariate 1 299969.72 ** 33572319.08 **
Error 349 2838.10 593647.66
R2 0.243 0. 145
** Significant at 0.01 probability level.
Table 14. Average number of seed germination as affected by 
male and female parent treatment.
Treatment
Female 
% minute 1 minute Mean male # male
Male % minute 34.10 59.91 55.164 159
Male 1 minute 50.58 53 . 68 53.164 195
Mean Female 42.491 56.277 54.096
# Females 56 298 354




1 minute Mean male # male
Male % minute 505.51 751.64 709.85 159
Male 1 minute 695.75 708.32 706.46 195
Mean Female 604.00 727.50 707.97
# Females 56 298 354
None of the factors under investigation significantly 
affected seed germination or ENVSC (Tables 13, 14 and 15).
This is acceptable overall because it suggested that using 
photoperiod treatments to synchronize flowering will not 
adversely affect seed production. However, another model which 
takes advantage of the variation of male varieties along with 
the covariate was applied (Table 16).
Table 16. Mean squares of seed germination and ENVSC as 
affected by photoperiod treatment of the male parents using 
cumulative weighted pollen germination as a covariate.
S 0 V DF Seed
germination
ENVSC
Male treatment 1 173.80 NS 94098.80 NS
Male 53 5251.08 ** 1170516.90 **
Male * male trt 22 4413.99 ** 837429.50 *
Covariate 1 57974.60 ** 3944029.67 **
Error 272 2114.36 444516.53
R2 0.555 0.495
*, ** Significant at 0.05 and 0.01 probability level, 
respectively.
The analysis using this model indicated that the response 
of males within each photoperiod treatment differed 
significantly. To study these responses, the data of the most 
repeated males that had a balanced number of crosses with 
females from both photoperiod treatments were analyzed 
separately.
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Table 17. Pearson correlation coefficients for seed production 
variables and pollen germination variables for CP74-383 and 
LCP85-336.
Pollen germination variables Seed germination ENVSC
CP74-383
Average germination percent 0.887 * * 0.785 **
Maximum germination percent 0.903 ** 0.849 **
cumulative weighted germination 0.929 * * 0.867 **
LCP85-336
Average germination percent 0.438 NS -0.078 NS
Maximum germination percent 0.402 NS -0.053 NS
cumulative weighted germination 0.445 NS 0.016 NS
** Significant at 0.01 probability level.
Table 18. Mean squares for seed germination and ENVSC for 
crosses made with the male variety CP74-383 with and without 
cumulative weighted pollen germination as a covariate.
S 0 V Df Seed germination ENVSC
Male trt 1 110055.71 ** 20764513.73 **
Female trt 1 2358.57 NS 59637.83 NS
Male * Female 1 1277.06 NS 274798.30 NS
Error 10 2585.66 283039.79
R2 0.837 0.883
Male trt 1 170.05 NS 113072.89 NS
Female trt 1 1946.29 NS 543487.57 NS
Male * Female 1 2089.60 NS 814236.58 NS
Covariate 1 8558.17 548890.88
Error 9 1922.04 253500.78
R2 0.891 0.906
** Significant at 0.01 probability level.
Table 19. Average value of seed germination and ENVSC for 
crosses made with CP74-383.
Treatment # of crosses Seed germination ENVSC
h minute 8 11.875 181.125
1 minute 6 206.833 2669.833
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Table 20. Mean squares for seed germination and ENVSC for 
crosses made with the male variety LCP85-336 with and without 
cumulative weighted pollen germination as a covariate.
S 0 V Df Seed germination ENVSC
Male trt 1 3514.63 NS 299991.64 NS
Female trt 1 8827.34 NS 4749783.38 ♦
Male * Female 1 7034.63 NS 970989.66 NS
Error 13 3899.47 1475078.48
R2 0.363 0.278
Male trt 1 2500.69 NS 1916410.96 NS
Female trt 1 6731.26 NS 8294117.84 *
Male * Female 1 5018.25 NS 3426149.40 NS
Covariate 1 126.96 5005164.30
Error 12 4213.60 1180904.66
R2 0.364 0.466
* Significant at 0.05 probability level.
♦ Significant at 0.10 probability level.
Table 21. Average value of seed germination and ENVSC for 
crosses made with LCP85-336.
Treatment # of crosses Seed germination ENVSC
% minute 9 138.00 1825.77
1 minute 8 79.75 1133.00
Cumulative weighted pollen germination had the highest 
correlation with seed germination for both varieties (Table
17). Adding the cumulative weighted pollen germination as a 
covariate corrected the mean squares to a point where no 
significant effects were observed for male treatments (Table
18). It also enhanced the R2 values of the model. On the other 
hand, using the same covariate with LCP85-336's ENVSC data 
enhanced the level of significance for female treatment (Table
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20) . This response may be due to the differences in female 
tassel weights because seed germination was not affected 
significantly by the treatments. Another observation was that 
seed production averages of the male CP74-383 was higher under 
the one minute treatment. This is opposite to the observed 
values for LCP85-336 (Tables 19 and 21) . However, within each 
male, the averages were not significantly different. The 
differences in the magnitude of response could be due to the 
differences of the genetic make-up of the varieties in this 
investigation. The complexity of the sugarcane genetic system 
is well known.
Because of the shortage in females that were treated with 
both treatments it was not possible to examine individual 
females as was done with individual males. There were only 56 
female tassels treated with one-half minute compared to 298 
tassels treated with the one minute treatment (Tables 14, 15 
and appendix 2).
In conclusion, photoperiod decline rates affected pollen 
germination of sugarcane male varieties. Photoperiod decline 
rates were reported earlier to induce male fertility by James 
(1969). Seed production was not affected by photoperiod 
treatments. This could be due to the large numbers of pollen 
grains produced by the males. Such large numbers of pollen 
compensated for the low viability of pollen.
Individual varieties also differed in their response to 
photoperiod treatments. This indicates that varietal 
differences are the major force that control pollen viability 
and seeds setting. This was reported by Juang (1965), Amin et 
al (1971), Paliatseas (1976), Grassel (1977), Krishnamurthi 
(1977), Nagatomi and Dunckelman (1980), Nuss (1980), and 
Natarajan et al (1983).
It would be better if an experiment could be conducted 
using a limited number of varieties with some repeated 
specific crosses in order to eliminate varietal differences. 
However, because of the limited size of the breeding 
facilities of Louisiana State University, it would be hard to 
repeat a specific cross many times.
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SUGARCANE POLLEN VIABILITY AND SEED SETTING 
AS AFFECTED BY RELATIVE HUMIDITY
ABSTRACT
Relative humidity is known to affect pollen viability of 
many crop plants. However, its effect on sugarcane (Saccharum 
spp.) was not studied extensively. This study was conducted at 
St. Gabriel, LA to investigate the effects of three relative 
humidity levels (90%, 70%, and an ambient) and three relative 
humidity durations (during day, during night, and an ambient 
treatment) during crossing on pollen grain viability and seed 
setting of sugarcane in 1987, 1988, and 1989 crossing seasons. 
Pollen viability and seed production were not affected by 
altering humidity level or duration. Setting the relative 
humidity elevating system at a range of 65 to 81% relative 
humidity inside the crossing house will not adversely affect 




The effect of relative humidity on flowering was reported 
by Jeswiet (1927). He indicated arrows that developed under 
humid conditions had higher pollen fertility. Arceneaux (1965) 
reported the importance of relative humidity on both anther 
dehiscence and pollen fertility. The same findings were 
reported later by Krishnamurthi (1977) who introduced an in- 
vitro testing method for pollen viability using liguid medium 
instead of Iodine staining.
Nuss (1979) reported that in 1975 low relative humidity 
of 50.3% at pollen shedding along with high temperature 
reduced the number of seedlings produced per tassel. However, 
in 1977 no such effect was noticed. Krishnamurthi (1980) 
suggested that the sensitivity of pollen to relative humidity 
is due to the perforation of its surface. Wong (1980) stated 
there were no significant differences in pollen fertility and 
seed production measured in high and low humidity areas. 
Legendre (1990) indicated that in Houma, Louisiana, the 
relative humidity level is kept above 60% inside the crossing 
house.
This study consisted of two experiments. The first 
experiment investigated the effect of the level of relative 
humidity during crossing on pollen viability and seed 
production. The second experiment examined the effects of 
relative humidity durations on pollen viability and seed production.
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MATERIALS AND METHODS
The study took place during 1987, 1988, and 1989 crossing 
seasons at the sugarcane breeding facilities of the St. 
Gabriel Experiment Station, Louisiana Agricultural Experiment 
Station. The station is located at latitude 30° 16' N ,
longitude 91° 6' W at an elevation of 6 meters.
The experimental procedure of both humidity experiments 
can be partitioned into two parts, the preparation of the 
breeding cane as described by Dunckelman and Legendre (1982) 
and the application of humidity treatments for each 
experiment. Single-eye cane cuttings were planted in the 
greenhouse in October, transplanted to 37.8 liter cans in 
January, and moved outside the greenhouse in April. Flowering 
induction treatment started as early as June. It consisted of 
a number of days at daylength 12:30 hours. The number of 
cycles per variety is unique. Daylength was then decreased by 
a constant one or one-half minute per day until reduced to 
11:30 hours. Stalks were air layered three weeks before tassel 
emergence. Emerging tassels were examined every other day for 
flower opening. Stalks that start to anthesis were cut below 
the airlayer and the leaves were carefully removed. The 
flowers were rated on a scale of l to 9 based on the amount of 
pollen produced. A rating of 1 represents a plant with 
abundant pollen which will be used as a pollen producer in 
crosses ( male ). A tassel rated 5 to 9 is used as a female
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parent in crosses. To make desired crosses male tassels were 
tied higher than those of the females in isolated crossing 
cubicals. The desired relative humidity levels were maintained 
by isolating a single crossing cubical with a clear plastic 
film. A Unisonic (TM) ultrasonic humidifier was installed 
inside the cubical to supply the required level of humidity. 
Humidity level and temperature were monitored using a 
hygrothermograph placed at the height of the tassel inside the 
cubical. Fig. 1 shows a diagram of a crossing cubical 
arrangement for humidity treatment. Every morning, the bars to 
which the male stalks were tied were tapped to facilitate 
pollen release. A paper cone was placed under the male tassel 
to collect a pollen sample. Special care was taken to keep the 
sample over 20 °C. Empty anthers were discarded from the
sample. Pollen grains were placed on a glass slide and two 
drops of the medium described by Krishnamurthi (1977) were 
added (Table 1).
Table 1. The composition of the medium used for pollen 
germination test.
Compound Concentration
Calcium nitrate 300 mg/L
Boric acid 100 mg/L
Magnesium sulphate 100 mg/L
Sucrose 300 gm/L
The slide was placed over a wet filter paper in a closed petri 
dish for a six hour germination period at room temperature 
(approximately 25°C). Data on pollen grain germination were
taken after six hours by counting eight fields under 40 X 
magnification using a Bausch & Lomb light microscope. If the 
number of pollen in the slide was sparse (less than 
approximately 200 pollen grains) , the whole slide was counted. 
The percentage of pollen viability was then estimated as the 
percent of the number of germinated pollen divided by the 










Figure 1. A diagram of the setting of a crossing cubical for 
humidity work.
Stevenson (1965) reported that the stigmas of sugarcane 
flowers are persistent and remain receptive for a period 
longer than the day of flower opening. He also indicated the 
possibility of fertilization to occur "a day or more 
afterwards". The persistence of the stigmas was reported also 
by James (1980) who indicated the little need to determine the 
period of receptivity due to the technique used in sugarcane 
crossing. Krishnamurthi (1977) described a technique to 
emasculate sugarcane flowers. He indicated that the sleeving 
method accompanied with covering the tassel for five days 
killed all the pollen and no seeds were set in the tassels 
left for selfing. However, when pollen from other males were 
used after five days seed setting was doubled compared to 
normally selfed tassels. This implied that the female flowers 
remained receptive for at least the five days of his 
experiment. These findings meant that viable pollen which 
dehisced on the fifth day of tassel age would have had a 
higher chance of pollinating and fertilizing female flowers 
than similar viable pollen dehisced from a second day flower 
when fewer female flowers were receptive. Studying the pattern 
of flower opening indicated an increase of the percent of 
opened flowers with age up to the sixth day of tassel age. An 
average of eighty percent of the flowers per tassel was opened 
after eight days (Fig.2). Because of this differential 
importance of the age of the male flower, a weighted 
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Figure 2. Flowering pattern of sugarcane tassel. A) percentage
of daily opened flowers; and B) cumulative percentage.
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percentage by the age of the tassel. The cumulative weighted 
pollen germination was calculated by adding the weighted 
pollen germination during the life of a tassel together. This 
value was used to get an overall indication about the male 
throughout its life span. The term, collective pollen 
germination, will represent the average, maximum, and 
cumulative weighted pollen germination of a male tassel during 
its life span.
It took seven to nine days for all the flowers in a 
tassel to open after which the male tassel was discarded. The 
female tassel was bagged, tagged, and left to mature for a 
month after which it was cut from the stalk and dried for 48 
hours at 40.5 °C. The fuzz ( seeds and pappus ) was then 
stripped off the tassel, weighed, and a one-half gram sample 
was taken for a germination test.
The fuzz was planted in flats filled with field soil 
(Commerce Silt Loam), milled Sphagnum moss, and sand (6:3:1). 
The flats were covered and left under greenhouse conditions 
(approximately 32°C) for seven days.
The number of germinated seedlings from the one-half gram 
of fuzz was counted at the seventh day and will be referred to 
as "seed germination". The Estimated Number of Viable Seeds 
per Cross, ENVSC, was calculated by multiplying fuzz weight by 
double the seed germination from half gram fuzz.
A completely randomized design was used in the 
statistical analysis. The models used were chosen so that
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maximum amount of the variation would be explained. Pearson 
correlation coefficients were calculated for seed production 
variables with pollen germination measurements. The variable 
with the highest correlation was added to the statistical 
model as a covariate to help interpret the results. The 
statistical analysis was performed using SAS (1985).
It is important to note that in some crosses seed 
production was obtained from females although the males 
produced dead pollen. In these cases, the females were found 
to have pollen rating of 7 or 5, i.e. they produced a small 
amount of pollen. Based on that, the produced seeds were 
classified as self fertilization products. The data of these 
crosses were discarded from the analysis.
A- Humidity level experiment
This experiment examined the effect of different levels 
of relative humidity during crossing on seed production. The 
levels were:
1- High, approximately 90%.
2- Medium, approximately 70%.
3- Ambient which represents the situation inside the 
crossing house.
The humidification period was from the time of pollen 
collection until sunset each day. The size of the humidifier's 
tank used in this study can supply water for approximately 10
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hours. It was not possible to refill these tanks during the 
night. For that reason there was no humidity control at night.
Eleven males and twenty six females were used in the 
eighty four crosses studied during 1987, 1988, and 1989
seasons. The names and numbers of these varieties are listed 
in appendices 3 and 4.
B~ Humidity duration experiment
This experiment tested the effect of raising relative 
humidity level during crossing to a level of approximately 90% 
at different times of the day. The treatments were:
1- High humidity during daytime starting after 
pollination and terminated at sunset.
2- High humidity during night starting at sunset and 
terminated one hour before pollination.
3- Ambient humidity.
Humidity was maintained using the same technique as the 
humidity level experiment. However, the humidifiers used in 
this study had larger tanks that held enough water for 
approximately 20 hours of operation.
Eleven males and twenty two females were used to make the 
sixty seven crosses studied during 1987, 1988, and 1989
seasons. The names and numbers of the varieties used in this 
experiment are listed in appendices 5 and 6.
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RESULTS AND DISCUSSION 
A- Humidity level experiment 
a- Pollen germination
1- Daily pollen germination
The statistical analysis indicated that the daily pollen 
germination percentage was not affected by altering relative 
humidity during crossing. Males response to humidity differed 
significantly while their interaction with humidity did not 
differ ( Table 2 ) . These findings were applicable to both 
germination variables. The differences between males were 
possibly genetic differences. The means in Table 3 for the 
humidity levels were similar. However, the medium level of 
humidity was slightly higher than the other two treatments.
Table 2. Mean squares for the daily pollen germination 
percentage and the weighted pollen germination as affected by 
humidity level.




Humidity 2 1.754 NS 156.472 NS
Male 10 1099.193 ** 36492.159 **
Male*humidity 17 50.896 NS 1350.015 NS
Error 184 264.509 8481.197
R2 0.193 0.197
** Significant at 0.01 probability level.
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Table 3. Means of the daily pollen germination percentage and 
the daily weighted pollen germination as affected by humidity 
level.
Treatment n Daily germination Weighted germination
High 71 6.528 a* 33.81 b
Medium 70 6.843 a 35.47 b
Ambient 73 5.416 a 26.09 b
♦ Means with the same letter are not significantly different 
according to Duncan's multiple range test at 0.05 probability 
level.
2- collective pollen germination
Humidity treatments had no significant effect on the 
measured variables (Table 4). However, males differences were 
significant suggesting a genetically based control over pollen 
germination variables.
Table 4. Mean squares for the average and maximum pollen 
germination percentage and the cumulative weighted pollen 
germination as affected by humidity level.






Humidity 2 1.440 NS 18.509 NS 2482.191 NS
Male 10 176.545 ** 3382.379 ** 195860.467 **
Male*hum 17 11.181 NS 81.803 NS 5437.855 NS
Error 7 10.088 252.025 16234.445
R2 0.965 0.954 0.947
** Significant at 0.01 probability level.
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Table 5. Means of the average and maximum pollen germination 
percentage and the cumulative weighted pollen germination as 







High 12 6.484 a* 23.75 b 200.0 c
Medium 12 6.864 a 31.06 b 206.9 c
Ambient 13 5.542 a 20.65 b 146.5 c
♦ Means with the same letter are not significantly different 
according to Duncan's multiple range test at 0.05 probability 
level.
Reasons for having no differences among humidity levels 
could be that the common night humidity had the major control 
over pollen germination or that all treatments examined fell 
within a common range that is above the critical limit 
required for pollen viability.
The first reason is examined in the humidity duration 
experiment. To help investigate the second reason, the data of 
relative humidity of the three treatments during night were 
summarized in Table 6 and Fig. 3.
Table 6. Summary of humidity readings during nighttime for the 
humidity level experiment.
Ambient Medium High
Day Night Night Night
Reading Min Max Min Max Min Max Min Max
% % % % % % % %
Lower limit 20 51 45 54 55 61 30 51
Upper limit 72 92 85 100 98 100 100 100
Average 47.1 72.6 67.3 75.9 72.1 87.5 71.8 88.9
Std error 12.3 8.6 10.1 10.7 11.1 13.9 18.6 16.2
71
3 86.657.2 £Ambient night




Figure 3. The actual ranges of relative humidity recorded at 
night for the treatments of the humidity level experiment.
Fig. 3 showed that the three humidity levels shared the 
same night humidity range of 61.1 to 86.6%. This common range 
of relative humidity during the 12 hours before pollen 
dehiscing could be within the critical limit required for the 
final stages of pollen formation. Table 6 also showed that the 
average of the maximum day humidity for the ambient treatment 
reached the level of the medium treatment frequently during 
day time (72.6 ± 8.6%).
Male varieties differ significantly in their response to 
the treatments. Varietal differences were reported by Juang 




Pearson's Correlation Coefficients were calculated 
for seed production variables and the different measurements 
of pollen germination (Table 7) . All three pollen germination 
variables were significantly correlated to seed production. 
Nagatomi and Dunckelman (1980) found a positive correlation of 
0.58 between pollen maturity (a viability measure) and seed 
production. The cumulative weighted pollen germination had the 
highest correlation when both seed production variables were 
considered. For that reason it was included in the analysis 
model as a covariate.
Table 7. Pearson correlation coefficient between seed 
production variables and pollen germination variables.
Pollen germination variables Seed germination ENVSC
Average germination percentage 








** Significant at 0.01 probability level.
Table 8 indicates that the interaction between males and 
humidity levels was not significant for seed germination while 
the same interaction had a significant effect on ENVSC. This 
could be due to the involvement of female tassel weight in the 
calculation of the latter variable. However, in both 
variables, males effects on seed production were significant. 
Varietal differences were reported by many workers such as 
Juang (1965) , Paliatseas (1976) and Natarajan et al (1983).
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Table 8. Mean squares for seed germination and ENVSC as 
affected by humidity level during crossing.
S O V D F Seed germination ENVSC
Humidity 2 725.741 NS 300451.623 NS
Male 10 2025.393 ** 486317.234 **
Male*humidity 17 1063.289 NS 201285.960 *
Covariate 1 111.230 28715.770
Error 53 743.405 96649.182
R 2 0.723 0.784
*,** Significant at 0.05 and 0.01 probability levels, 
respectively.
Table 9. Means of seed germination and ENVSC as affected by 
the level of relative humidity.
Treatment n Seed germination ENVSC
High 27 24.59 a# 272.4 b
Medium 27 35.22 a 411.1 b
Ambient 30 30.37 a 416.0 b
♦ Means with the same letter are not significantly different 
according to Duncan's multiple range test at 0.05 probability 
level.
It could be concluded that the humidity levels 
investigated in this experiment had no significant effect on 
both pollen viability and seed production. Such results were 
reported by Nuss (1979) and Wong (1980). Night humidity which 
was common to all treatments could have been the major force 
that controlled the final developing stages of pollen before 
they were released. The wide range of day humidity for the 
ambient treatment could also be a reason. The average maximum 
humidity during day time for the ambient treatment reached the 
level of the medium treatment frequently. It is very hard to
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alter humidity by lowering it because the crossing cubical is 
too big to do this effectively.
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B- Humidity duration experiment 
a- Pollen germination
1- Daily pollen germination
The results of the analysis of variance (Table 10) 
clearly indicated that the differences in daily pollen 
germination measurements were due to the differences in male 
performance rather than humidity durations.
Despite the nonsignificant response to humidity 
durations, tassels supplied with humidity at night had 
slightly higher germination percentages (Table 11).
Table 10. Mean squares for the daily pollen germination 
percentage and the percentage and the weighted pollen 
germination as affected by humidity durations.




Humidity 2 284.41 NS 3456.17 NS
Male 9 1017.41 ** 24713.26 *
Male*humidity 16 349.54 NS 11080.36 NS
Error 157 358.32 10931.79
R2 0.214 0.187
*, ** Significant at 0.05 and 0.01 probability levels, 
respectively.
Table 11. Means of the daily pollen germination percentage and 
the daily weighted pollen germination as affected by humidity 
durations.
Treatment n Daily germination Weighted germination
Day 54 9.88 A ♦ 55.66 B
Night 50 15.17 A 75.25 B
Ambient 81 10.75 A 52.37 B
♦ Means with the same letter are not significantly different 
according to Duncan's multiple range test at 0.05 probability 
level.
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2- Collective pollen germination
The analysis presented in Table 12 indicated that the 
effect of humidity durations on collective pollen germination 
was not significantly different. Most of the variability was 
due to the differences between males. The means of plants 
treated with humidity at night was slightly higher followed by 
the ambient treatment (Table 13).
Table 12. Mean squares for the average and maximum pollen 
germination percentage and the cumulative weighted pollen 
germination as affected by humidity durations.
S 0 V df Average
germination
Maximum Cumulative weighted 
germination germination
Humidity 2 40.85 NS 497.41 NS 14744.16 NS
Male 10 183.58 ♦ 1704.14 NS 174790.34 #
Male*humidity 16 57.30 Ns 456.08 NS 69544.14 NS
Error 7 56. 06 682.95 56768.62
R2 0.876 0.841 0.873
♦ Significant at 0.10 probability level.
Table 13. Means of the average and maximum pollen germination 
and the cumulative weighted pollen germination as affected by 
humidity durations.
Treatment n Average Maximum Cumulative weighted
germination germination germination
Day 11 7.83 A ♦ 26.79 B 300.6 C
Night 10 12.32 A 42.94 B 376.3 C
Ambient 15 9.10 A 28.34 B 282.8 C
♦ Means with the same letter are not significantly different 
according to Duncan's multiple range test at 0.05 probability 
level.
To interpret the results of male data analysis, it is
useful to look at the actual humidity levels within each 
treatment. Since humidity was supplied only during day time or 
night time, the day and ambient treatments were subjected to 
the same level of humidity during night. The ambient also had 
the same level of humidity during daytime as the night treated 
tassels. However, the level of humidity inside the isolated 
cubical differed slightly from that of the ambient treatment's 
open cubical. Summary of the actual readings of relative 
humidity is shown in Tables 14 and 15. The ranges of the 
relative humidity levels are also presented in Fig. 4. The 
data in Tables 13 and 14 and Fig. 4 showed that the three 
treatments had a common range of relative humidity from 65.0 
to 81.3%. This range of relative humidity could be within the 
critical limit required during the last 24 hours before pollen 
dehiscing to obtain viable pollen. This range also falls 
totally within the range found in the humidity level 
experiment. This suggests that the relative humidity level 
inside the crossing house should be within the range of 65.0 
to 81.3%.
Table 14. Summary of humidity measurements during daytime for 
the ambient and night treated tassels.
Ambient Night treatment
Reading Minimum Maximum Minimum Maximum
% % % %
lower limit 41 69 23 70
upper limit 82 82 100 100
average 56. 30 78.73 49.08 87.91
std error 11.67 2.47 18.53 7.59
Table 15. Summary of humidity measurements during nighttime 
for the ambient and Day treated tassels.
Ambient Day treatment
Reading Minimum Maximum Minimum Maximum
% % % %
lower limit 55 67 48 53
upper limit 80 82 100 100
average 71.88 78.46 75.69 83.34
std error 6.89 2.98 15.06 13.19
Ambient night 
humidity
65 c 3 81.5





3 95.5Night treatment 
day humidity
30.6  c
1000 20 60 8040
Relative humidity (%)
Figure 4. The actual ranges of relative humidity during 
humidity duration experiment for different treatments.
79
b- seed production
Pearson's correlation coefficients were calculated for 
seed production data with pollen germination measurements 
(Table 16). Cumulative pollen germination was found to have 
the highest r value when both seed production variables were 
considered and it was used in the analysis model as a 
covariate.
Table 16. Pearson correlation coefficient between seed 
production variables and pollen germination variables.
Pollen germination variables Seed germination ENVSC
Average germination percentage 








** Significant at 0.01 probability level.
Humidity durations did not affect seed production (Table 
17) . Males response was highly significant for seed 
germination while it was only significant at a higher 
probability level ( P > F = 0.057 ) for ENVSC. This could be 
due in part to the differences in tassel weights used to 
calculate the number of seedling per tassel.
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Table 17. Mean squares for seed germination and ENVSC as 
affected by humidity durations.
S 0 V DF Seed germination ENVSC
Humidity 2 1946.62 NS 310826.06 NS
Male 9 8062.08 ** 1877990.80 *
Male*humidity 16 1884.34 NS 638462.25 NS
Covariate 1 25087.19 ** 6654584.27 *
Error 36 2506.92 900135.71
R 2 0. 629 0.544
*, ** Significant at 0.05 and 0.01 probability levels, 
respectively.
♦ Significant at 0.10 probability level.
Table 18. Means of seed germination and ENVSC as affected by 
humidity durations.
Treatment n Seed germination ENVSC
Day 21 42.33 A* 561.2 B
Night 20 52.20 A 735.0 B
Ambient 26 67.65 A 983.6 B
♦ Means with the same letter are not significantly different 
according to Duncan's multiple range test at 0.05 probability
level.
It seems that varietal differences are the major factor 
that controls the response to humidity. The results of the two 
humidity experiments suggested that relative humidity should 
be set in the range of 65 to 82% inside the crossing house 
while crossing takes place. This will insure the production of 
viable pollen and save on the cost of operating and 
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SUMMARY
This work was carried out at the sugarcane breeding 
facility at St. Gabriel Experiment Station, Louisiana 
Agricultural Experiment Station. The purpose of this research 
was to investigate the effects of daylength decline rates and 
relative humidity during crossing on pollen grain viability 
and seed production of sugarcane. The research was done during 
1987 to 1989 crossing seasons. The daylength decline rates 
were one-half and one minute per day. Relative humidity levels 
of approximately 90% and 70% along with the ambient level 
inside the crossing house were studied in a second experiment. 
Two relative humidity durations were investigated in a third 
experiment: exposure during day and during night to 90%
relative humidity along with an ambient treatment. The 
objectives of all three experiments were to define conditions 
which would maximize seed production of sugarcane crosses in 
the breeding program.




1- Daily pollen germination:
Both the daily germination percentage and the cumulative 
pollen germination were significantly affected by the
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interaction of males and photoperiod treatments. These 
variables were found to be correlated significantly with the 
minimum relative humidity during day time of the 24 hours 
before pollen sampling. On average, the one-half minute 
treatment produced higher readings in both variables. However, 
when individual males were investigated, the magnitude of 
response varied according to the male under investigation. 
Furthermore, the humidity factors with the highest correlation 
value differed from one male to another. The response of the 
male CP74-383 to the treatments was highly significant. The 
one minute treatment produced higher pollen germination 
readings for this male. While the male LCP85-336 had an 
insignificant response to the treatments with the one-half 
minute treated plants producing higher value of the measured 
variables.
2- Average, maximum, and cumulative germination: 
The effect of the interaction of males with photoperiod 
treatment on these variables was highly significant. The one- 
half minute treated plants produced higher value of these 
variables. Individual male analyses indicated that males 
differ in their response to treatments. The measured variables 
of the male CP74-383 were significantly affected by the 
treatments and higher readings were produced when treated with 
one minute. The response of LCP85-336 was only significant for 
the average and cumulative pollen germination with the highest 
values produced from one-half minute treated tassels.
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B- Seed germination and ENVSC:
Daylength decline rate had no significant effect on seed 
production. These two variables were significantly correlated 
with the cumulative pollen germination of the males. Male 
interaction with the treatments was found to be significant. 
Furthermore, the analysis of individual males indicated that 
the response to photoperiod treatments varied from one male to 
another. However, adjusting the analysis with cumulative 
pollen germination as a covariate eliminated the significant 
response of CP74-383 to these treatments.
The general conclusion that can be reached from these 
studies is that daylength decline rates of one-half and one 
minute per day significantly affect pollen germination and 
that this effect differed according to the variety used. 
However, the effect of the treatments on seed production was 
not significant mainly because of the huge number of pollen 
produced by the males. This high number of pollen compensated 
for the lower viability and ensured enough viable pollen to 
pollinate the female tassel. The relationship between pollen 
germination and seed production in this study is not a simple 
one. Therefore, the use of the exact method of pollen 
germination is not recommended to predict seed production. A 




A- Humidity level experiment: 
a- Pollen germination:
None of the variables measured were significantly 
affected by the level of relative humidity during crossing. 
However, the differences due to the males were highly 
significant.
b- Seed germination and ENVSC:
Male differences were the only factor that was found to 
eiffect seed production significantly.
It is important to note that the two levels of relative 
humidity and the ambient treatment shared a common range of 
61.03 to 86.96% relative humidity. This range could be within 
the critical limit required for pollen survival. Consequently, 
seed production was not affected.
B- Humidity duration experiment: 
a- Pollen germination:
Humidity duration treatments did not affect the daily or 
collective pollen germination measurements. However, males 
differed significantly in their daily germination readings, 
b- Seed germination and ENVSC:
None of these variables was affected by humidity 
duration. Only male differences was significant.
As a general comment on the humidity duration experiment, 
it was found that all three treatments had a common range of
65.0 to 81.3% relative humidity. This range falls within the 
common range found in the humidity level experiment. This 
suggests setting the relative humidity during crossing to the 
range of 64.99 to 81.20% to minimize the cost of using and 
maintaining the humidity elevating system.
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APPENDICES
Appendix 1: List of male varieties and the number of crosses
made with them during three seasons of the photoperiod
experiment.
Male Treatment Male Treatment
1 Minute % Minute 1 Minute % Minute
CP48-103 — 1 CP57-614 — 2
CP62-258 9 2 CP67-412 4 2
CP68-1026 1 - CP70-321 4 4
CP70-330 - 5 CP72-1312 14 4
CP72-355 6 5 CP72-356 5 —
CP72-370 3 5 CP73-340 — 1
CP73-343 14 2 CP74-1094 — 1
CP74-2013 - 1 CP74-383 6 8
CP75-1082 9 - CP75-330 3 13
CP75-3 61 1 - CP76-331 11 3
CP77-310 20 13 CP77-402 - 3
CP77-405 4 - CP77-407 2 11
CP79-318 - 2 CP79-348 1 -
CP80-313 3 1 CP80-323 - 6
CP80-329 5 1 CP80-352 - 2
CP80-356 2 - CP81-332 3 -
CP83-644 5 5 CP84-722 - 3
CP85-861 1 - LCP81-010 4 4
LCP81-026 4 5 LCP81-030 11 2
LCP82-04 6 2 - LCP82-047 6 3
LCP82-089 7 2 LCP83-149 - 4
LCP84-215 1 - LCP85-298 - 1
LCP85—336 8 9 LCP85-37 6 - 16
LCP85-384 - 2 LCP86-393 1 -
LCP86-420 5 1 L75-002 1 -
L78-035 3 - L84-273 - 1
L84-290 6 1 US77-017 — 2
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Appendix 2: List of female varieties and the number of crosses
made with them during three seasons of the photoperiod
experiment.
Female Treatment Female Treatment
1 Minute % Minute 1 Minute \ Minute
B70-734 2 — CP48-103 2 —
CP61-037 9 6 CP62-258 2 -
CP65-357 10 5 CP69-373 1 -
CP70-1527 2 - CP70-300 1 1
CP70-321 - 1 CP70-330 12 2
CP71-1194 2 2 CP71-441 1 -
CP72-1210 4 CP72-1312 3 -
CP72-355 3 - CP72-356 2 -
CP72-370 7 1 CP73-340 2 -
CP73-343 2 - CP73-345 11 -
CP74-1094 - 1 CP74-383 22 -
CP75-1082 1 - CP75-327 2 -
CP75-330 2 - CP75-361 13 -
CP76-351 1 - CP77-310 4 1
CP77-405 2 - CP77-407 2 --
CP78-357 3 - CP79-318 9 -
CP79-332 5 - CP79-348 6 -
CP80-313 - 1 CP80-323 6 -
CP80-328 1 4 CP80-329 - 3
CP80-352 6 1 CP81-316 2 -
CP82-513 2 - CP82-550 6 2
CP82-551 5 - CP82-559 4 -
CP83-606 8 - CP83-625 2 -
CP83-644 1 3 CP84-730 - 2
CP85-307 1 - CP85-803 2 -
CP85-845 1 - CP85-859 5 -
CP85-866 1 - CP86-901 2 -
CP86-912 1 - CP86-915 2 -
CP86-917 1 - CP86-927 1 -
CP86-936 2 - CP86-939 1 -
CP86-946 3 - CP86-974 2 -
LCP81-005 5 1 LCP81-010 3 -
LCP81-030 3 - LCP81-033 5 -
LCP85-307 5 - LCP85-341 1 -
LCP85-352 1 - LCP85-376 2 -
LCP85-384 4 - LCP86-393 2 -
LCP86-395 6 1 LCP86-412 3 -
LCP86-419 2 - LCP86-420 - 3
LCP86-422 - 1 LCP86-426 2 -
LCP86-429 1 - LCP86-450 2 -
LCP86-453 4 - LCP86-454 5 8
LCP86-456 2 2 LCP86-457 2 -
L75-002 3 - L75-056 3 -
L81-005 1 — L84-266 1 —
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Appendix 2 (cont.): List of female varieties and the number of 
crosses made with them during three seasons of the 
photoperiod experiment.
Female Treatment
1 Minute % Minute
Female Treatment






Appendix 3: List of male varieties and the number of crosses






CP72-355 4 4 4 
CP82-550 1 1 1  
LCP85-313 2 2 
LCP85-384 5 5 5 
L78-035 2 - 2  
US78-026 1 1 1
CP73-343 3 3 3 
CP86-915 2 3 3 
LCP85-336 5 7 5 
LCP86-456 2 - 2  
US77-009 2 1 2
Appendix 4: List of female varieties and the number of 
crosses made with them during three seasons of the 
humidity level experiment.
Female Treatment Female Treatment
High Medium Ambient High Medium Ambient
B70-734 2 .2 3 CP52-068 _ — 1
CP65-357 3 3 3 CP70-330 2 2 2
CP71-357 1 - 1 CP72—1312 - 1 -
CP73-345 1 1 1 CP74-383 - 1 -
CP75-361 2 2 2 CP78-317 1 1 1
CP79-318 3 3 3 CP79-332 1 - -
CP79-348 1 1 1 CP80-3 52 2 2 2
CP81-1435 1 1 1 CP83-607 1 - 1
CP83-632 - - 1 CP84-746 1 1 1
CP85-800 1 1 1 LCP82-03 3 1 1 1
LCP82—046 - 1 1 LCP85-3 07 - 1 -
LCP85-384 1 - - LCP86-429 1 - 2
LCP86-458 1 1 1 L84-290 — 1 —
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Appendix 5: List of male varieties and the number of crosses
made with them during three seasons of humidity duration
experiment.
Male Treatment Male Treatment
Day Night Ambient Day Night Ambient
CP73-343 2 2 4 CP77-4 05 3 3 3
CP77-407 3 3 4 CP78-317 3 3 3
CP79-318 1 1 2 LCP81-010 2 2 2
LCP85-329 2 - 2 LCP85-336 1 1 2
LCP85-371 - 2 2 L75-056 3 2 2
L78-035 1 1 —
Appendix 6: List of female varieties and the number of 
crosses made with them during three seasons of the 
humidity duration experiment.
Female Treatment Female Treatment
Day Night Ambient Day Night Ambient
CP52-068 — 1 1 CP65-357 2 1 2
CP70-321 - - 1 CP70-330 2 2 1
CP73-345 1 1 1 CP74-328 1 1 -
CP74-383 3 3 3 CP75-1632 1 - 1
CP75-330 - 1 1 CP79-318 - 2 1
CP79-348 1 1 - CP80-313 - - 1
CP80-328 1 - 1 CP81-2062 - - 1
CP82-550 1 1 - CP86-915 1 1 1
LCP82-033 1 1 3 LCP85-384 1 1 1
LCP86-422 1 1 2 LCP86-426 1 - 1
L84-275 1 1 1 US74-090 1 1 1
US77-017 1 — 1
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